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Perfusion of an isolated jejunal loop in uremic rats: Effect of
sodium deoxycholate. The effect of sodium deoxycholate (NaDC)
on net transintestinal movement of electrolytes, nitrogenous
substances and water was studied in anesthetized uremic rats.
A jejunal loop isolated in vivo was perfused for three hours using
a closed circuit. When 2 mat NaDC was present in the lumen, a
significant increase (P< 0.001) in the net transfer of sodium,
potassium and calcium from blood to lumen was observed when
compared to control perfusion without NaDC. The net fluxes
of urea, creatinine, uric acid and phosphorus from blood to
lumen were expresssed in terms of intestinal clearances. Mean
clearances were increased by a factor of 2.5 for urea, 6.8 for
creatinine, 6.6 for uric acid and 9.7 for phosphorus. Net water
flow which was directed from lumen to blood with control was
near zero when 2 mat NaDC was added to the perfusate; the
difference, however, was not statistically significant. The effect
of NaDC on net solute transfer was reproducible in the same
animal and it could be reversed by the replacement of NaDC
solution with control perfusate. Gross and histological exami-
nation of the isolated loops revealed no significant alterations.
The data show that NaDC increases jejunal permeability to
nitrogenous substances and electrolytes in the blood-to-lumen
direction along a concentration gradient.
Perfusion d'une anse jéjunale isolée chez Ic rat urémique: Effet
du désoxycholate de sodium. L'aetion du ddsoxyeholate de so-
dium (NaDC) sur les transports de substances azotées, d'eau et
d'éleetrolytes a travers Ia paroi intestinale est étudiée chez le
rat urémique par perfusion, en circuit fermé, d'une anse jéjunale
isolée. Chaque experience a une durée de 3 heures et est réalisée
sous anesthésie générale a l'ether. L'addition de 2 mat de NaDC
au liquide perfuse augmente de façon significative (F< 0.001) Ic
transfert net du sang vers la lumière, du sodium, du potassium
et du calcium. Les flux nets d'urée, de eréatinine, d'acide urique
et de phosphore, exprimés sous forme de clearances intestinales,
sont egalement augmentés de façon hautement significative
(P< 0.001). Les valeurs moyennes des clearances observées chez
les témoins sont multipliées par 2.5 pour l'urée, par 6.8 pour Ia
créatinine, par 6.6 pour l'acide urique et par 9.7 pour le phos-
phore. Le transfert net d'eau dirigé de Ia lumiére vers le sang lors
de Ia perfusion de Ia solution témoin, tend a s'annuler aprés
addition de 2 mat de NaDC; toutefois Ia difference n'est pas
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significative. L'aetion du NaDC sur les transferts transjéjunaux
est reproductible chez le même animal. Elle est reversible par
substitution de Ia solution témoin a la solution eontenant le
NaDC. L'étude histologique des anses perfusées ne découvre
aucune alteration significative. Ces résultats montrent que Ic
NaDC exerce un effet sur Ia permtabilitt de la paroi jéjunale aux
substances azotées et aux electrolytes et augmente leur transfert
du sang vers Ia lumière le long d'un gradient de concentration.
The effects of bile salts on the intermediate metabolism
of the intestinal mucosa are much less clear than their well
established importance to the emulsification of dietary fat
[1]. The complexity of their effects on intercellular struc-
tures is underscored further by recognition of the fact that
bile salts exert a profound influence on the permeability of
the intestinal mueosa and other biological membranes to
various solutes. An increase in the rate of salicylate and
salicylamide absorption by the rat intestine has been de-
scribed by Feldman and Gibaldi [21 when bile salts were
present in the lumen. Enhancement of the intestinal ab-
sorption of sulfaguanidine by bile salts has been observed
in the rat by Kakemi et al [3]. Bile salt enhancement of
riboflavin and flavin mononucleotide absorption in man
has been reported by Mayersohn, Feldman and Gibaldi
[4]. Thus far, however, most investigations concerning
increased intestinal permeability in the intraluminal pre-
sence of bile salts have been confined to measurement of
net solute transfer from lumen to blood [3—5]. The results
of only one study in vitro have suggested that bile salts may
serve to enhance the serosal-to-mueosal (blood-to-lumen)
net transfer of water [6]. For this reason it seemed of in-
terest to examine the possibility that the blood-to-lumen
net transport of solute might be increased in the presence of
a bile salt in the intestinal lumen. If found, an increased
intestinal permeability to nitrogenous substances and
electrolytes could be of value in the management of uremia
when current methods are not feasible or available. It must
be noted that similar attempts have already been made to
achieve this objective using meralluride, mercuric chloride
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[7] and iodoacetate [8]. However, the toxicity of these
substances prohibited their use in man. The present studies
are the result of a search for substances which may be more
suitable for use in humans. They were performed with the
unconjugated bile salt sodium deoxycholate (NaDC) in
uremic rats. They were designed to 1) examine the effects
of NaDC on the net transfer of nitrogenous substances,
electrolytes and water across the jejunal mucosa, and 2)
confirm the absence of cytotoxicity of NaDC in the con-
centrations studied.
Methods
Female albino rats (180 to 300 g body wt) of the Wistar
Cleveland Farm strain were fed a standard laboratory diet.
Using a method described by Hamburger, Donovski and
Marche [9], a jejunal loop was isolated (average length at
autopsy: 20 cm) and the two ends of the loop were ex-
teriorized at the surface of the abdominal wall. Bipolar
nephrectomy was performed on the right kidney and two
ties were placed around the left renal vessels and exterio-
rized at the lumbar surface. Following a convalescent period
of seven days, the left renal blood vessels were ligated using
these ties. Thus the equivalent of a five-sixths nephrectomy
was realized and chronic renal insufficiency was created
(mean plasma creatinine concentration at the time of the
study was 32 mg/100 ml). Intestinal perfusion was begun
6 to 10 days after the onset of uremia. The experimental
conditions of perfusion have been described in detail else-
where [10]. Perfusion of the isolated ioop was performed
via a closed circuit system under ether anesthesia. The total
volume of the perfusate was 30 ml and its temperature was
Fig. 1. Diagram of apparatus for perfusion of an
isolated jejunal loop. I = fluid reservoir; 2= mano-
meter; 3 =collecting tube; 4= pump; 5 =thermo-
statically controlled heater. (Reproduced, with
permission, from Hamburger et al, Path Biol
18:403, 1970)
held constant at 37° C; perfusion was carried out at a rate
of 8 ml/min. Introduction of the fluid from the reservoir
into the loop occurred by gravity. Hydrostatic pressure
at the point of entry into the ioop never exceeded 20 cm
H20. Fluid was returned to the reservoir by a pump
(Fig. 1). Experimental periods of perfusion were 180 mm
in duration.
Two types of perfusates were used (Table 1). Control
Solution A was a mannitol solution (220 mM) containing
50 mEq/liter Na; its osmolality was 320 mOsm/kg and its
pH was adjusted to 7.0 by the addition of adequate amounts
of 10W' M NaOH. Solution B was identical in mannitol and
Na concentrations, osmolality and pH, but it also contained
2 m sodium deoxycholate (NaDC) (Fluka, Switzerland).
The pH of the solution at the end of each experimental
period did not differ significantly from the initial pH of 7.0.
The non-absorbable marker, polyethylene glycol (PEG
4000) was added to the perfusates in a concentration of
1.0 g/liter. Since the loop was rinsed before each experi-
mental period with a solution identical to the perfusate but
containing no PEG, the addition of PEG to the perfusion
Table 1. Composition of the two perfusion solutions
Composition per liter Sol. A Sol. B
Sodium deoxycholate — 2 mM
Mannitol 220 mM 220 mM
NaCI 50 mM 48 mM
NaOH <0.5mM <0.5mM
PEG lg Ig
Osmolality (mOsm/kg) 320 320
pH 7.0 7.0
224 Ganeval et a!
solution permitted a calculation of real perfusion volume
(initial perfusion volume plus fluid remaining in the loop
after each rinse) and net solute and water movement across
the intestinal wall.
Urea, creatinine, uric acid, phosphorus and calcium were
determined with the Technicon Auto Analyser (Model SMA
12/60). Sodium and potassium were determined by flame
photometry (Instr. Laboratory, Inc., Type G 66), pH with
a Tacussel pH meter (Type TS 4 N). PEG was determined
turbidometrically at a wave length of 650 nm according to
a method derived from Hyden Eli].
Isolated loops and other organs were removed in vivo
immediately after perfusion and fixed in a 15% formalde-
hyde solution. Gross and histological examinations were
performed using conventional techniques.
Results
Effect of NaDC on net transfer and clearances. Each
animal's loop was first perfused with control Solution A
(180 mm period), rinsed and then perfused for an equal
period of time with Solution B containing 2 mrvi NaDC.
Table 2 shows that the presence of 2 mrvi NaDC in the lumen
was accompanied by a highly significant increase (P <0.001)
in the net transfer of sodium, potassium and calcium from
blood to lumen (b —1) (mean SD). Net water flow which
was directed from lumen to blood (1—b) during control
periods was near zero when 2 mM NaDC was added to the
perfusate. The difference, however, was not statistically
significant.
The net fluxes of urea, creatinine, uric acid and phos-
phorus from blood to lumen of each rat were factored by
Table 2. Net solute and water b—i transfer (mean SD) when perfusing an isolated jejunal loop with a solution containing no NaDC
(Sol. A) and a solution containing 2 mi NaDC (Sol. B)
Sodium
nEq cm1 min1
Potassium
nEq cm1 min1
Calcium
ng cm' min1
Water
ni cm' min'
Soi.A(N=l0) +8.77±32.8 +14.9±4.4 + 34±13 —1010± 700
Sol. B (N= 10) + 171 77 + 25.0± 5.8 + 184±83 — 1090±1080
P <0.001 <0.001 <0.001 NS
Perfusion time for each period: 3 hours. Closed circuit. N= number of perfusions. Transfer values are given per cm of loop and
per mm. + =net b—l transfer; — =net 1—b transfer.
Urea
8 j.tlcm1min'
6
4
2
Cereatinine
Fig. 2. Individual jejunal clearances. A
significant increase (P< 0.001) of urea,
creatinine, uric acid and phosphorus
clearances is observed when 2 mM
NaDC is added to the perfusion solu-
tion after a previous control period.
Clearance values are given per cm of
loop and per mm. Mean values are
indicated. Perfusion time for each
period: 3 hrs. Closed circuit. N= 10
for each group.
P <0.001
(N=l0)
pJ cm1 min'
P<0-001
(N=10)
acid
8 tlcm'min' Cphosphor
P<00001
(N= 10)
p.! cm1 min'
6
4
2
P<0.00l
(N=l0)
2
control 2mMNaDC control 2 mM NaDC
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its mean solute plasma concentration during the perfusion
period since the plasma concentrations of these solutes
varied from one animal to the other. This ratio of the
amount excreted per minute in the perfusion fluid to the
mean plasma concentration can be considered an intestinal
clearance. Fig. 2 shows the individual clearances of urea,
creatinine, uric acid, and phosphorus with (Sol. B) and
without (Sol. A) the addition of 2 mrvi NaDC to the luminal
perfusate. Each rat serves as it own control. Mean values
are indicated. A highly significant increase in the clearance
of each solute (P <0.001) was noted when 2 m NaDC
were present in the lumen; thus mean control clearances
were increased by a factor of 2.5 for urea, 6.8 for creatinine,
6.6 for uric acid and 9.7 for phosphorus.
Reproducibility of the effect. Three rats were perfused on
day 1, first with control Solution A, then with Solution B
(2 mrvi NaDC). On days 3 and 5 perfusion with Solution B
was repeated. In each animal the results of the experiment
on days 3 and 5 showed an increased clearance of urea and
creatinine which was comparable to that observed with
NaDC on day 1 (Fig. 3).
Reversibility of the effect. On day 1, six rats were first
perfused with Solution B, rinsed, and then perfused with
control Solution A. On day 3, an identical pattern of per-
fusion was repeated in three of the same rats. Perfusion with
NaDC-free perfusate was attended by a significant decrease
in net transfer of sodium and potassium (P <0.001) and
calcium (P <0.01). Net transintestinal water movement was
not altered significantly (Table 3). Fig. 4 shows the rever-
sible increase of urea, creatinine, uric acid and phosphorus
clearances in three different rats.
Morphological observations. Three isolated jejunal loops
that were exposed to control perfusions were examined
histologically (Fig. 5 a); similarly three ioops exposed to
2 mrvi NaDC were examined as well (Fig. Sb). In both, the
jejunal mucosa was found normal in appearance, i. e.
normal height of villi, normal enterocytes, and no cellular
infiltrate. A non-specific, focal change that was observed
in one section seemed to be independent of the experimental
conditions.
To further exclude the possibility of morphological
alteration with 2 mai NaDC in vivo, an additional experi-
ment was undertaken. Isolated loops of 15 rats were filled
in vivo with 2 ml of control Solution A and with 2 ml of
urea
p.1 cm1 min'
6
Fig. 3. Reproducible increase of jejunal urea and creatinine
clearances when 2 mivi NaDC is present in the lumen. Individual
clearance values of 3 rats are indicated. On day 1, an initial
perfusion period with control Sol. A is followed by a perfusion
period with So!. B containing 2 mrss NaDC. On day 3 and 5, one
perfusion period with Sol. B. Perfusion time for each period:
3 hrs. Closed circuit.
a solution identical to Solution A but containing 0.6, 1.0,
2.0 and 5.0 mrvt NaDC. The solution was renewed every
hour, the total instillation time being 5 hours a day, on
three consecutive days. Significant mucosal damage was
observed with 5 mrvi NaDC in the lumen (Fig. 6b) but no
morphological alterations were observed with 2 mM NaDC
or less (Fig. 6a).
Table 3. Net solute and water b—l transfer (mean so) obtained perfusing an isolated jejunal loop first with a solution containing
2 mas NaDC (So!. B) and then with a solution containing no NaDC (So!. A)
Sodium
nEq cm1 min1
Potassium
nEq cm1 min'
Calcium
ng cm' min'
Water
nlcm1 min'
Sol.B(N=6) +271±49 +26.4±3.4 +195±73 —390±120
Sol.A(N=6) + 40±34 +14.2±3.5 + 66±16 —510±140P <0.001 <0.001 <0.01 NS
Decrease of net sodium and potassium b—i transfer is highly significant (P< 0.001), decrease of net calcium b—I transfer is significant
(P< 0.01) when replacing Sol. B by control Sol. A. Perfusion time f or each period: 3 hours. Closed circuit. N= number of perfusions.
Transfer values are given per cm of loop and per mm. + =net b—l transfer; — = net 1—b transfer.
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Fig. 4. Reversibility of the increase of
jejunal urea, creatinine, uric acid and
phosphorus clearances when perfusion
with So!. B containing 2 mM NaDC is
followed by perfusion with So!. A con-
taining no NaDC. Individual clearance
values of 3 rats are indicated. Two
consecutive perfusion periods on day 1
and on day 3. Perfusion time for each
period: 3 hrs. Closed circuit.
Fig. 5. Light micrographs of the mucosa of isolated jejunal loops perfused with control Solution A (a) and with Solution B containing
2 mi NaDC (b). Normal aspect of the mucosa in both. Hematoxylin-eosin.
urea
p1 cm1 min'
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3
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1
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b
Fig. 6. Light micrographs of the mucosa of isolated jejunal loops filled with a solution containing 2 mM (a) and 5 mM (b) NaDC; a)
segment showing a normal aspect of the mucosa. b) segment illustrating definite alterations of the villi and shedding of epithelial cells.
Hematoxylin-eosin.
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Discussion
In addition to their inhibitory action on intermediate
metabolism [1] bile salts increase the transport of various
substances across the intestinal mucosa [3, 4]. Unconjugated
bile salts are more effective than their conjugated ana-
logues. The magnitude of both of these effects seemed to be
very much related to the chemical nature and the concen-
tration of the specific bile salt. In the present experiment
the unconjugated dihydroxy bile salt, sodium deoxycholate
(NaDC) was used in a concentration of 2 mM.
It is obviously important to distinguish between the
effects that are cytotoxic and those that are physiologically
significant [1]. Conflicting data have been reported as to
whether or not NaDC is toxic to the intestinal mucosa.
Many of these experiments, however, have been performed
in vitro. The translation of results from in vitro models to
physiology and pathophysiology in the intact animal and
man should be guarded since evidence has been provided
that structural changes observed in vitro do not necessarily
occur in vivo [1, 12]. Whereas one in vivo study [13] seemed
to suggest structural changes with 1 or 2 ms NaDC, other
in vivo experiments have seemed to exclude morphological
damage with these concentrations [12, 14—16]. In support
of this is the fact that similar concentrations of NaDC have
been found in surgically created blind ioops [17]. The pre-
sent results suggest that 5 m'vi NaDC may indeed be cyto-
toxic but that discernible morphological alterations are not
observed on repeated exposure of the intestinal mucosa to
2 mM NaDC. It can be concluded that the increased net
transfer of nitrogenous substances and electrolytes from
blood to lumen observed in the presence of intraluminal
2 mss NaDC is not a result of tissue injury; instead it most
likely represents a functional effect of the bile salt. Its
reversibility provides further evidence for this proposal.
Besides the well-known emulsifying effect on lipophilic
substances leading to their increased absorption, increased
intestinal absorption of hydrophilic substances in the
presence of bile salts has also been reported. This effect has
been attributed to increased intestinal permeability. Ex-
periments that led to this hypothesis investigated only net
movement from lumen to blood. The present data indicate
that increased jejunal permeability to solutes is not limited
to an increased transfer from lumen to blood, but that net
movement in the opposite direction can also be enhanced.
Whereas net water movement from lumen to blood was
observed in the absence of NaDC, net water flow in the
presence of 2 mM NaDC was zero, but the difference was
not statistically significant. This absence of inversion of the
direction of water movement in the presence of NaDC,
which might seem in disagreement with the known inhibi-
tory effect of NaDC on water absorption [1, 16, 18], can
be explained by the increased osmolality of uremic plasma
and the probable increase of net mannitol transfer from
lumen to blood when NaDC is present in the lumen [19].
The mechanism by which NaDC effects an increased in-
testinal permeability to solute transfer is not clear. A direct
action of bile salts on the structure of biological membranes
seems most likely [3, 20].
A NaDC-induced transfer of substances from blood to
lumen could be of interest in the management of uremia.
The present data show that in the presence of 2 mrvi NaDC,
jejunal urea clearance increased by a factor of 2.5, that of
creatinine by a factor of 6.8, that of uric acid by a factor
of 6.6 and that of phosphorus by a factor of 9.7. Clark
et al [21], perfusing isolated jejunal loops in man with
solutions containing no permeability-increasing substances,
have reported a mean intestinal urea clearance of 8.3 and
a creatinine clearance of 5.0 ml/min. Other investigators
have found similar clearance values [22, 23]. If the addition
of NaDC to such perfusion solutions led to significantly
increased clearance values during human intestinal dialysis,
then this method might be reintroduced to clinical use.
However, before further trial in the human, additional
investigation will be necessary to ascertain the tolerance of
2 ms NaDC in animal species that are phylogenetically
closer to man.
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